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1 Introduction

In RAN #84 meeting a new WI on further performance enhancements for NR in high speed scenarios was approved [1]. Based on the WID UE demodulation requirements should be defined at least for HST single tap and HST-SFN scenarios. In the previous RAN4 meeting (RAN4 #92bis) the majority of details of the requirements for HST single tap scenario were finalized [2]. In this paper we address several remaining open issues including

· #1: Max Doppler frequency

· #2: MCS

2 Discussion
2.1 Max Doppler frequency
In the previous meeting RAN4 concluded that 1667 Hz Doppler frequency is feasible for 30 kHz SCS. Same time, two options are captured in WF [2] for 15 kHz SCS: 972 Hz and 1250 Hz.

For DL reception UE is expected to perform continuous FO tracking and apply LO adjustment to match the RX signal carrier frequency. For this purpose, dedicated reference signals TRS were introduced and can be assumed as a baseline resources for frequency offset tracking. Current TRS design allows to track up to 1750 Hz and 3500 Hz for 15 kHz and 30 kHz SCS respectively. It means that both 972 Hz and 1250 Hz Doppler frequencies in HST single tap scenario can be handled and from UE performance perspective there is no difference between these options. Same time from technology perspective it is better to consider scenarios with higher Doppler frequency for requirements definition to show that NR can guarantee reliable performance in more extreme conditions. Therefore, assuming that both options are equal from demodulation performance point of view, we propose to have higher Doppler frequency for requirements definition, i.e. 1250 Hz.
Proposal #1:
For 15 kHz SCS test case use maximum Doppler frequency equal to 1250 Hz.
2.2 MCS
In the previous meeting it was agreed that MCS value should be decided based on the simulation results and ensure that the maximum throughput can be achieved. Detailed simulation assumption for results alignment plan was agreed in the previous RAN4 meeting [2].  
As baseline processing for frequency offset tracking, we assume 2 slots TRS processing and filtering of consecutive estimations (n-shot processing). In usual multi-path conditions these filtering improve the accuracy of frequency offset tracking especially in low SNR region (Figure 1). 
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	Figure 1. Accuracy of frequency offset estimation in usual fading channel conditions.


Observation #1: TRS based frequency offset estimation with filtering of several TRS occasions is a baseline method for FO tracking at UE side. 
Same time single tap HST channel model has a specific Doppler shift trajectory and has regions with fast change of Doppler frequency from positive to negative value and vice versa (“slope” regions). TRS signals have at least 10ms transmission periodicity and, hence, TRS based FO tracking in single tap conditions will result in systematic residual frequency errors in the slots between the consecutive TRS transmissions (Figure 2). Moreover, the filtering procedure for FO estimation which improves the accuracy of estimation in multi-path channel conditions, contrary increases the error in single tap scenario. For example, frequency shift estimation error can be up to 880 Hz for 10 ms TRS periodicity in case of one-shot processing and two-shot processing increases error to 1480 Hz [3].
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	Figure 2. Difference between estimated and actual Doppler frequency value.


Observation #2: In HST single tap scenario
· Baseline frequency offset tracking method provides mismatch between actual and estimated Doppler frequencies.
·  Optimal frequency offset tracking method should not assume filtering of consecutive estimations (1 shot processing)
In the Figure 3 we present link level simulation results for one-shot and multi-shots processing for frequency tracking for single tap conditions. Evaluations are done for different MCS values and for both 15 kHz and 30 kHz SCS. Max Doppler frequency is assumed as 1250 Hz.
	Multi-shots processing
	One-shot processing
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	30 kHz SCS
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	Figure 3. Demodulation performance with one-shot and multi-shots frequency offset tracking


In can be seen that under assumption of multi-shots frequency offset tracking system cannot achieve max throughput in HST single tap conditions for all MCS values and for both 15 kHz and 30 kHz SCS. Same time with one-shot tracking procedure we can guarantee that for most MCS values we can reach max throughput. 

In the Figure 4 envelopes of the max achievable throughput for both methods are presented. Also, in the right side of the Figure 4 results with throughput loss in case of multi-shots frequency offset tracking in comparison to one-shot are presented.
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	Figure 4. Performance difference of scenarios with one-shot and multi-shots frequency offset tracking 


Based on the above results we can conclude that multi-shots frequency offset tracking method in HST single tap conditions leads to performance degradation even for small MCS values and performance loss is increased with increasing MCS. 
Observation #3: DL demodulation performance:
· For baseline FO tracking procedure with filtering of several consecutive estimations, maximum throughput value cannot be reached for all MCS values and both 15 kHz and 30 kHz SCS.

· For FO tracking procedure without filtering of several consecutive estimations max throughput can be reached for the most MCS values.
· In scenario with multi-shot processing in FO tracking performance loss is increased with increasing MCS value and can be up to 8.4% of max achievable throughput in scenario with one-shot processing. 
For further discussion we assume that UE is aware that it works in single tap HST conditions and uses one-shot frequency offset tracking to guarantee reliable demodulation performance.
Based on the results provided in right side of Figure 3 maximum throughput (normalized thr. > 0.99) can be achieved only for MCS values up to 18 and up to 24 for 15 kHz and 30 kHz SCS respectively. For MCS definition we prefer to have one MCS value for both SCS. Therefore, we propose to use MCS 17.
Proposal #2:
For both 15 kHz and 30 kHz SCS in single tap HST test cases use MCS 17.

3 Conclusion

In this paper we present discussion on demodulation performance requirements for HST single tap scenario. We provide our view on max Doppler frequency and MCS value for requirement definition. In terms of MCS definition it was showed that multi-shots frequency offset tracking leads to performance degradation and UE should be aware that it works in HST single tap conditions to use one-short frequency tracking procedure. In our companion paper we discussed how this information can be provided to UE [4]. 

In summary, the following observations and proposals were made:  

Observation #1: TRS based frequency offset estimation with filtering of several TRS occasions is a baseline method for FO tracking at UE side.

Observation #2: In HST single tap scenario
· Baseline frequency offset tracking method provides big mismatch between actual and estimated Doppler frequencies.
·  Optimal frequency offset tracking method should not  assume filtering of consecutive estimations (1 shot processing)
Observation #3: DL demodulation performance:
· For baseline FO tracking procedure with filtering of several consecutive estimations, maximum throughput value cannot be reached for all MCS values and both 15 kHz and 30 kHz SCS.

· For FO tracking procedure without filtering of several consecutive estimations max throughput can be reached for the most MCS values.

· In scenario with multi-shot processing in FO tracking performance loss is increased with increasing MCS value and can be up to 8.4% of max achievable throughput in scenario with one-shot processing. 
Proposal #1:
For 15 kHz SCS test case use maximum Doppler frequency equal to 1250 Hz.

Proposal #2:
For both 15 kHz and 30 kHz SCS in single tap HST test cases use MCS 17.
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